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Abstract
Inclusive semileptonic decays of beauty baryons are studied using the heavy quark ex-
pansion to O(1/m3b), at leading order in αs. The case of a polarized decaying baryon is
examined, with reference to Λb. An extension of the Standard Model effective Hamil-
tonian inducing b → U`ν¯` transitions (U = u, c and ` = e, µ, τ) is considered, which
comprises new vector, scalar, pseudoscalar and tensor operators. The effects of the new
operators in several observables are described.
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1 Introduction
The observations of anomalies in b→ c semileptonic exclusive decays of B mesons, with hints
toward possible violation of lepton flavour universality (LFU) 1, require new analyses of related
processes involving heavy hadrons with a single b quark, to enlarge the set of observables
suitable to test the Standard Model (SM) predictions. The inclusive semileptonic modes
are theoretically appealing, since the nonperturbative effects of strong interactions, which
necessarily must be taken into account, can be systematically considered by an expansion in the
inverse heavy quark mass [2,3]. The expansion involves a set of long-distance hadronic matrix
elements of operators of increasing dimension, which can be classified and parametrized. For
each term in the heavy quark expansion perturbative QCD corrections can also be computed
at increasing order in αs, therefore a double expansion in 1/mQ and αs is obtained. Improving
the control of QCD effects, in the inclusive as well as in the exclusive processes, is the premise
to disentangle the origin of the observed anomalies.
The present study is devoted to the inclusive b → c, u semileptonic modes of b-flavoured
baryons, in particular Λb → Xc,u`−ν¯`. The formalism is developed for a generic baryon,
therefore it can also be applied to Ξb and Ωb. In our study the heavy quark mass expansion
is considered at O(1/m3Q), and the parametrization of the baryon matrix elements relevant
at this order is provided. Moreover, the case of polarized baryon decays is considered at this
order, the unpolarized case being recovered averaging over the initial baryon polarizations. The
semileptonic transitions are analyzed in the Standard Model and in an extension of the SM
effective weak Hamiltonian comprising vector, scalar, pseudoscalar and tensor operators. Such
Hamiltonian densities have been scrutinized in connection with the flavour anomaly problem,
considering B meson exclusive modes, see, e.g., [4–6], but less information is available about
their impact on inclusive observables [7–10].
Let us briefly remind the status of the above mentioned flavour anomaly. A small excess in
the ratios R(D(∗)) =
B(B → D(∗)τ−ν¯τ )
B(B → D(∗)`−ν¯`) (` = e, µ) with respect to the SM expectations emerges
after the BABAR [11, 12], Belle [13–16] and LHCb [17–19] measurements are combined. The
tension with SM is presently estimated at 3.1σ level [20–23]. Several interpretations attribute
the deviation to the effect of non-SM interactions mainly affecting the third generation. New
lepton flavour universality violating interactions could produce at low energies additional op-
erators in the b → cτ−ν¯τ effective weak Hamiltonian, which can be scrutinized using global
quantities, namely the decay branching fractions, and also, more efficiently, using observables
as the 4d B¯ → D∗(Dpi,Dγ)`−ν¯` decay distributions for the three lepton species [5, 24–29].
This kind of analyses are also possible for Bs modes [30].
For Λb the decay rates and the angular distributions can be considered, although the
latter measurements are experimentally challenging. Moreover, the systematic study of New
Physics (NP) terms for polarized and unpolarized Λb would provide a wealth of information.
We have to say that measurements of the Λb polarization at LHC give results compatible with
zero [31–34], which means that the b quarks hadronizing in Λb are mainly produced by QCD
processes. However, a sizable longitudinal Λb polarization is expected for b quarks produced in
Z and top quark decays, as shown by the measurements at LEP [35–37]. For this reason, the
effects beyond the Standard Model (BSM) in the polarized case have been scrutinized for the
1For a review see [1]
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exclusive Λb → Λc`−ν¯` modes [38–41], in addition to the case of unpolarized baryon [42–47].
The plan of our study is as follows. In Sec. 2 we introduce the semileptonic b→ c, u effective
Hamiltonian, which generalizes the SM one by the inclusion of scalar, pseudoscalar, vector and
tensor four-fermion operators weighted by complex coefficients. The heavy quark expansion
(HQE) to describe the inclusive process Hb(p, s)→ Xc,u`−ν¯` is discussed in Sec. 3 considering
the terms up to O(1/m3b). In Sec. 4 we construct the fully differential Λb → Xc,u`−ν¯` decay
distributions in the case of polarized Λb. In Sec. 5 we analyze several observables in SM
and with the extended Hamiltonian density, at a benchmark point in the parameter space of
the effective couplings to investigate the sensitivity to the new operators. The last Section
contains the conclusions.
The appendices contain the ingredients developed in our analysis. In Appendix A we
collect the baryon matrix elements relevant for the OPE at order 1/m3b , considering the spin
of the baryon. In Appendix B we write the expressions of the structure functions for the
hadronic tensor in SM and in the case of the extended Hamiltonian. Appendix C contains the
coefficients appearing in the 1/mb expansion the full semileptonic decay widths, for the SM
and for the generalized Hamiltonian.
2 Effective Weak Hamiltonian
We consider the inclusive semileptonic decay of a baryon Hb comprising a single b quark
Hb(p, s)→ Xc,u(pX)`−(p`)ν¯`(pν) , (1)
with s the spin of the decaying baryon. We assume that the process is induced by the low-
energy effective Hamiltonian density which extends the SM one,
Hb→U`νeff =
GF√
2
VUb
[
(1 + `V )
(
U¯γµ(1− γ5)b
) (
¯`γµ(1− γ5)ν`
)
+ `S (U¯b)
(
¯`(1− γ5)ν`
)
+ `P
(
U¯γ5b
) (
¯`(1− γ5)ν`
)
(2)
+ `T
(
U¯σµν(1− γ5)b
) (
¯`σµν(1− γ5)ν`
) ]
+ h.c. .
Heff consists of four-fermion operators with complex lepton-flavour dependent coefficients
`V,S,P,T . U can be either the u or the c quark, VUb is the corresponding Cabibbo-Kobayashi-
Maskawa (CKM) matrix element. VUb and 
`
V are independent parameters: the product
VUb(1 + 
`
V ) is not a mere redefinition of the SM VUb, due to the lepton-flavour dependence
of `V . Only left-handed neutrinos are considered; moreover in Eq. (2) the right-handed quark
vector current is not included, since the only four-fermion operator of this kind, invariant
under the SM gauge group, is nonlinear in the Higgs field [48].
The Hamiltonian can be written as
Hb→U`νeff =
GF√
2
VUb
4∑
i=1
C`i J
(i)
M L
(i)M + h.c. , (3)
with C`1 = (1 + 
`
V ) and C
`
2,3,4 = 
`
S,P,T . J
(i)
M indicates the hadronic and L
(i)M the leptonic
current in each operator, M generically denotes the set of Lorentz indices contracted between
3
J and L. The SM Hamiltonian corresponds to i = 1 and `V,S,P,T = 0. We keep the mass of
the charged lepton ` = e, µ, τ different from zero.
3 Inclusive decay width
The decay width of the processes (1) is given by
dΓ = dΣ
G2F |VUb|2
4mH
∑
i,j
C∗i Cj(W
ij)MN(L
ij)MN , (4)
where GF is the Fermi constant, q = p` + pν the lepton-pair momentum, and dΣ the phase
space element dΣ = (2pi)d4q δ4(q−p`−pν)[dp`] [dpν ], with [dp] = d
3p
(2pi)32p0
. The leptonic tensor
is (Lij)MN = L(i)†ML(j)N . The hadronic tensor (W ij)MN is obtained from the discontinuity of
the forward amplitude
(T ij)MN = i
∫
d4x e−i q·x〈Hb(p, s)|T [J (i)†M (x) J (j)N (0)]|Hb(p, s)〉 (5)
across the cut corresponding to the process (1):
(W ij)MN =
1
pi
Im(T ij)MN . (6)
T ij and W ij can be computed exploiting an operator product expansion (OPE) with expansion
parameter the inverse b quark mass [2, 3]. To construct the OPE, the hadron momentum
p = mHv, with four-velocity v, is expressed in terms of the heavy quark mass mb and of a
residual momentum k: p = mbv+k. The QCD b quark field is written as b(x) = e
−imbv·xbv(x),
with bv(x) still defined in QCD and satisfying the equation of motion:
bv(x) =
(
P+ +
i6D
2mb
)
bv(x) . (7)
In terms of bv(x) one has:
(T ij)MN = i
∫
d4x ei (mbv−q)·x〈Hb(v, s)|T [Jˆ (i)†M (x) Jˆ (j)N (0)]|Hb(v, s)〉 (8)
with Jˆ (i) containing the field bv. The heavy quark expansion is obtained from
(T ij)MN = 〈Hb(v, s)|b¯v(0)Γ(i)†M SU(pX)Γ(j)N bv(0)|Hb(v, s)〉 , (9)
with pX = mbv + k − q and SU(pX) the U quark propagator. Replacing k → iD, with D the
QCD covariant derivative, the U quark propagator can be expanded:
SU(pX) = S
(0)
U − S(0)U (i 6D )S(0)U + S(0)U (i6D )S(0)U (i 6D )S(0)U + . . . (10)
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where S
(0)
U =
1
mb 6v − 6q −mU . With the definitions pU = mbv − q, P = (6p U + mU) and
∆0 = p
2
U −m2U , the expansion at order 1/m3b is
1
pi
Im(T ij)MN =
1
pi
Im
1
∆0
〈Hb(v, s)|b¯v[Γ(i)†M PΓ(j)N ]bv|Hb(v, s)〉+
− 1
pi
Im
1
∆20
〈Hb(v, s)|b¯v[Γ(i)†M Pγµ1PΓ(j)N ](iDµ1)bv|Hb(v, s)〉+
+
1
pi
Im
1
∆30
〈Hb(v, s)|b¯v[Γ(i)†M Pγµ1Pγµ2PΓ(j)N ](iDµ1)(iDµ2)bv|Hb(v, s)〉+ (11)
− 1
pi
Im
1
∆40
〈Hb(v, s)|b¯v[Γ(i)†M Pγµ1Pγµ2Pγµ3PΓ(j)N ](iDµ1)(iDµ2)(iDµ3)bv|Hb(v, s)〉 .
This expression involves Hb matrix elements of QCD operators of increasing dimensions, writ-
ten as
〈Hb(v, s)|b¯v[Γ(i)†M Pγµ1 . . . γµnPΓ(j)N ](iDµ1) . . . (iDµn)bv|Hb(v, s)〉 = (12)
= Tr
[
(Γ
(i)†
M Pγµ1 . . . γµnPΓ(j)N )ba〈Hb(v, s)|(b¯v)a(iDµ1) . . . (iDµn)(bv)b|Hb(v, s)〉
]
with a, b Dirac indices. The hadron matrix elements
Mµ1...µn = 〈Hb(v, s)|(b¯v)a(iDµ1) . . . (iDµn)(bv)b|Hb(v, s)〉 (13)
can be expressed in terms of nonperturbative parameters, the number of which increases with
the dimension of the operators. The expansion to order O(1/m3b) requires
〈Hb(v, s)|b¯v(iD)2bv|Hb(v, s)〉 = −2mH µˆ2pi (14)
〈Hb(v, s)|b¯v(iDµ)(iDν)(−iσµν)bv|Hb(v, s)〉 = 2mH µˆ2G (15)
〈Hb(v, s)|b¯v(iDµ)(iv ·D)(iDµ)bv|Hb(v, s)〉 = 2mH ρˆ3D (16)
〈Hb(v, s)|b¯v(iDµ)(iv ·D)(iDν)(−iσµν)bv|Hb(v, s)〉 = 2mH ρˆ3LS . (17)
A method to computeMµ1...µn is exploited in [49] for B meson, and more parameters than
those listed in (14-17) are needed for n = 4. The order n = 5 has also been analyzed [50].
For a heavy baryon, the dependence on the spin four-vector sµ must be kept in (13). This is
important since, for hadrons with spin, considering the hadron polarization leads to interesting
observables to analyze.
In Appendix A we collect the expressions of the matrix elements needed for the expan-
sion at O(1/m3b) keeping the sµ dependence. The computation procedure is described in [49].
One starts from the highest dimension operator, which in our case n = 3 has dimension
6, and determines it in the static heavy quark limit, replacing bv(x) → hv(x), the heavy
quark field defined in the heavy quark effective theory (HQET). hv(x) is related to the QCD
5
b(x) field: hv(x) = e
imbv·xP+b(x), where P+ is the velocity projector P+ =
1+ 6v
2
. hv sat-
isfies the equations P+hv(x) = hv(x) and v · Dhv(x) = 0. In principle, the matrix element
Mµ1µ2µ3 = 〈Hb(v, s)|(h¯v)a(iDµ1)(iDµ2)(iDµ3)(hv)b|Hb(v, s)〉 can be expanded over the set of
16 independent Dirac matrices. However, in HQET it is given in terms of only two Dirac
structures, P+ and Sˆ
µ = P+γ
µγ5P+, an observation which simplifies the parametrization [51].
On the other hand, the matrix elements of lower dimension operators are computed in QCD
expanding over the full set of Dirac matrices. The coefficients of Dirac structures in the d
dimension matrix element are recursively computed from the d + 1 terms, and Eqs.(14)-(17)
are used.
The parameters in Eqs.(14)-(17) are denoted by a hat to distinguish them from the cor-
responding parameters defined in HQET, with bv replaced by hv. For µˆ
2
pi, ρˆ
3
D, ρˆ
3
LS the dif-
ference between the two definitions involves terms appearing at O(1/m4b), hence in our case
µˆ2pi = µ
2
pi, ρˆ
3
D = ρ
3
D and ρˆ
3
LS = ρ
3
LS. For µˆ
2
G the relation between the two definitions is
µˆ2G = µ
2
G −
1
mb
(
ρ3D + ρ
3
LS
)
, a combination often present in our expressions.
The formalism is suitable for the analysis in the Standard Model and in NP examining all
operators in the Hamiltonian (2). For the inclusive semileptonic B decays, NP operators have
been considered at order 1/m2b [10], while V + A and S − P operators have been studied at
the leading order in the 1/mb expansion in [8]. The hadronic tensor has been computed by an
OPE in terms of operators involving the HQET field hv in [52]. In this analysis the polarized
Λb inclusive semileptonic decay is considered at order 1/m
2
b in SM for massless leptons, the
case of massive leptons at the same order in 1/mb is studied in [53].As a last remark, in b→ u
semileptonic transition we neglect weak annihilation contributions, which mainly affect the
endpoint region of the charged lepton energy spectrum [54].
Using the matrix elements Mµ1...µn collected in Appendix A the hadronic tensor can be
computed. It is expanded in Lorentz structures depending on v, q and s. The related invariant
functions are given in Appendix B for the Standard Model and for the effective Hamiltonian
Eq. (2).
4 Decay distributions
For the Hb(v, s) → X(pX)`−(p`)ν¯`(pν) transition the four-fold differential decay distribution
is given by
d4Γ
dq2 d(v · q) dE` d cos θP =
G2F |VUb|2
32(2pi)3mH
∑
i,j
C∗i Cj
1
pi
Im(T ij)MN(L
ij)MN , (18)
with p` = (E`, ~p`) and θP the angle between ~p` and ~s in the Hb rest frame. The structure
functions in which the hadronic tensor is expanded depend on q2 and v · q. The various
decay distributions are obtained integrating (18) over the phase space [55]. To compute the
spectrum in q2 and in the charged lepton energy E` the order in the integration must be
specified. Integrating first in E`, the integration limits are
E∗1 ≤ E` ≤ E∗2 , E∗1,2 =
v · q(q2 +m2`)±
√
(v · q)2 − q2 (q2 −m2`)
2q2
. (19)
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The replacement
1
pi
Im
1
∆n0
→ (−1)
n−1
(n− 1)! δ
(n−1)(∆0) (20)
in the hadronic tensor can be used to integrate over v · q. The last q2 integration is for
m2` ≤ q2 ≤ (mb −mU)2 . (21)
To compute the charged lepton energy spectrum one integrates in a different order [56]. The
first integration over v · q is in the range
E` +
(q2 −m2`)
2m2`
E`− ≤ v · q ≤ E` + (q
2 −m2`)
2m2`
E`+ , (22)
where E`± = E` ±
√
E2` −m2` . Then one integrates over q2 with integration limits
E`−
mb − E`−
(
m2b −m2U −mbE`−
) ≤ q2 ≤ E`+
mb − E`+
(
m2b −m2U −mbE`+
)
. (23)
The range for the last integration in E` is
m` ≤ E` ≤ m
2
b −m2U +m2`
2mb
. (24)
Keeping the dependence on cos θP , the corresponding double decay distributions are ob-
tained. Notice that the kinematics involves the quark masses, the dependence on the decaying
hadron is contained in the matrix elements of the OPE operators. However, the OPE breaks
down in the endpoint region of the spectra, as signaled by singularities as the derivatives of
the δ function. Such terms must be resummed in a Hb shape function. Convolution of the
distributions with such a function smears the spectra at the endpoint and transforms the
phase space boundaries from the partonic to the hadronic kinematics: q2max = (mHb −mX)2
and (E`)max =
m2Hb −m2X +m2`
2mHb
, with mX the mass of the lightest hadron containing the U
quark produced in the decay. We do not include the effects of the shape function, the profile of
which is not known in the baryon case, keeping in mind that the OPE results loose reliability
in the endpoint region.
Expanding the tensor T ij in invariant functions, as provided in Appendix B, the fully
differential distribution is obtained upon contraction with the leptonic tensor. We express the
distribution as
d4Γ
dq2 d(v · q) dE` d cos θP =
∑
i,j
d4Γij
dq2 d(v · q) dE` d cos θP . (25)
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In this expression the first term is
d4Γ11
dq2 d(v · q) dE` d cos θP = N| (1 + V ) |
2
{
8(q2 −m2`)W1 + 4
[−(q2 −m2`) + 4E`(v · q − E`)]W2 + 8 [(q2 +m2`)v · q − 2q2E`)]W3
+4m2`(q
2 −m2`)W4 + 16m2`(v · q − E`)W5 (26)
−2 cos θP√
E2` −m2`
(
q2 +m2` − 2(v · q)E`
) [
2G1(q
2 −m2`) +G2
[−(q2 −m2`) + 4E`(v · q − E`)]
+2G3
[
(q2 +m2`)v · q − 2q2E`)
]
+ 4G5m
2
`(v · q − E`)− 4E`G6 − 4m2`G7 − 4E`G8 − 2(q2 +m2`)G9
]
−16 cos θP
√
E2` −m2`
[
(v · q − 2E`)G6 −m2`G7 − v · q G8 − q2G9
]}
where N = G
2
F |VUb|2
32(2pi)3mH
, Wa =
1
pi
ImTa and Ga =
1
pi
ImSa with the index a = 1, 2, . . . corre-
sponding to the invariant functions T1−5 and S1−9 in (B.2)-(B.6) and (B.7)-(B.13). For `V = 0
this term corresponds to the SM distribution.
We enumerate the other terms in Eq. (25):
d4Γ22(33)
dq2 d(v · q) dE` d cos θP = N|S(P )|
24(q2 −m2`)WS(P ),1 (27)
d4Γ23+32
dq2 d(v · q) dE` d cos θP = N (−2Re[S
∗
P ]) 2
cos θP√
E2` −m2`
(q2 −m2`)(m2` + q2 − 2v · qE`)GSP,1
(28)
with WS(P ),1 and GSP,1 obtained from the imaginary parts of the functions T and S in (B.14)-
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(B.16);
d4Γ12+21(13+31)
dq2 d(v · q) dE` d cos θP = N 2Re[(1 + V )
∗
S(P )]m`{
4
[
2(v · q − E`)WSMS(SMP ),1 + (q2 −m2`)WSMS(SMP ),2
]
− 2 cos θP√
E2` −m2`
(
q2 +m2` − 2(v · q)E`
)
(29)
[
2(v · q − E`)GSMS(SMP ),1 + (q2 −m2`)GSMS(SMP ),2 − 2GSMS(SMP ),3
]
+ 8 cos θP
√
E2` −m2`GSMS(SMP ),3
}
with WSMS(SMP )i and GSMS(SMP ),i from the imaginary parts of the functions T and S in
(B.18),(B.19) and (B.20)-(B.23);
d4Γ44
dq2 d(v · q) dE` d cos θP = N|T |
2
{
16(q2 −m2`)(q2 + 2m2`) (WT4 +WT9) + 16
[−(q2 −m2`) + 8E`(v · q − E`)] (WT2 +WT6 −WT10)
+16
[
(q2 −m2`)v · q + 4m2`(v · q − E`)
]
(2WT5 +WT7 +WT8 −WT11 −WT12)
+16
[
m4` + q
2(v · q − 2E`)2 −m2`
(
q2 + v · q(−3v · q + 4E`)
)]
(WT14 −WT15)
−8 cos θP√
E2` −m2`
(
m2` + q
2 − 2E` v · q
) [ [−(q2 −m2`) + 8E`(v · q − E`)] (GT2 +GT6)
+
[
(q2 −m2`)v · q + 4m2`(v · q − E`)
]
(2GT5 +GT7 +GT8 −GT11 −GT12)
+2
[
m2`(v · q − 2E`) + v · q[q2 − 4E`(v · q − E`)]
]
GT22
]
(30)
−4E` (2GT14 +GT23 + v · q GT24 +GT30 +GT32 −GT34 −GT36)
−(3m2` + q2) (2GT15 +GT31 +GT33 −GT35 −GT37 +GT27A +GT27B)
+2[m2` + E`(v · q − 2E`)] (GT27A +GT27B +GT28 −GT29)
]
−32 cos θP
√
E2` −m2`
[
2(v · q − 2E`) (2GT14 +GT23 + v · q GT24 +GT30 +GT32 −GT34 −GT36)
−2m2` (2GT15 +GT31 +GT33 −GT35 −GT37 +GT27A +GT27B)
+
[
m2` + v · q(v · q − 2E`)
]
(GT27A +GT27B +GT28 −GT29)
]}
9
with WT i and GT i from the imaginary parts of the functions T and S in (B.28)-(B.60);
d4Γ14+41
dq2 d(v · q) dE` d cos θP = N 2Re[(1 + V )
∗
T ]m`{
16(v · q − E`)
[− 3WSMT,1 + 3WSMT,3 − (v · q)(WSMT,5 +WSMT,7)]
+8(q2 −m2`)
(− 3WSMT,2 + 3WSMT,4 +WSMT,5 +WSMT,7)
+8
cos θP√
E2` −m2`
(
q2 +m2` − 2(v · q)E`
) [
(v · q − E`)
(
3GSMT,1 − 3GSMT,3 −GSMT,11 +GSMT,25
)
−3GSMT,9 + 3GSMT,10 −GSMT,12 +GSMT,16 − v · q (GSMT,13 −GSMT,17) (31)
+E` (−GSMT,14 +GSMT,18)
]
− 16 cos θP
√
E2` −m2`
[
3GSMT,9 − 3GSMT,10 +GSMT,12 −GSMT,16
+v · q (GSMT,13 +GSMT,14 −GSMT,17 −GSMT,18)
]}
with WSMTi and GSMTi from the imaginary parts of the functions T and S in (B.62)-(B.70);
d4Γ24+42(34+43)
dq2 d(v · q) dE` d cos θP = N 2Re[T 
∗
S(P )]{
− 8[(q2 +m2`)(v · q)− 2q2E`]
(
WST (PT ),1 +WST (PT ),2
)
+4
cos θP√
E2` −m2`
(
q2 +m2` − 2(v · q)E`
) [
[(q2 +m2`)(v · q)− 2q2E`]
(
GST (PT ),1 +GST (PT ),2
)
+(q2 +m2`)
(
GST (PT ),3 −GST (PT ),4
)
+ 2E`
(
GST (PT ),5 +GST (PT ),6
) ]
+16 cos θP
√
E2` −m2`
[
q2
(
GST (PT ),3 −GST (PT ),4
)
+ v · q (GST (PT ),5 +GST (PT ),6) ]} (32)
with WSTi and GSTi from the imaginary parts of the functions T and S in (B.72)-(B.76).
These expressions can be used to compute all double and single distributions. We do not
present the lengthy formulae here, but only give the full decay width, which can be cast in
the form:
Γ(Hb → X`−ν¯`) = Γb
∑
i
{
C
(i)
0 +
µ2pi
m2b
C
(i)
µ2pi
+
µ2pi
m2b
C
(i)
µ2G
+
ρ3D
m3b
C
(i)
ρ3D
+
ρ3LS
m3b
C
(i)
ρ3LS
}
, (33)
with Γb =
G2Fm
5
bV
2
Ub
192pi3
and i = SM, S, P, T, SP, SMS, SMP, SMT . The coefficients C(i)
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are collected in Appendix C and contain the couplings `V,S,P,T appearing in the effective
Hamiltonian. All C
(i)
ρ3LS
vanish.
For the SM terms in Eq. (33) various perturbative corrections are known. The leading
electroweak correction Aew = 1.014 is a multiplying factor. QCD corrections are known at
O(α2s) for the leading term and at O(αs) for the 1/m2b terms in (33), and can be included
following, e.g., [57–62]. In ratios of decay widths involving different lepton species such cor-
rections largely cancel out. We do not include QCD corrections in the decay distributions
analyzed in the following.
5 Numerical results
In our numerical study we use the heavy quark masses in the kinetic scheme mkinb (µ =
0.75 GeV) = 4.62 GeV, mkinc (µ = 0.75 GeV) = 1.20 GeV, and the up quark mass in the
MS scheme mu(2 GeV) = 2.16±0.490.26 MeV [63]. In the case of B mesons the HQE parameters
are constrained fitting the measured lepton energy and the hadronic mass distributions and
their moments in B → Xc`ν¯` decay [62]. For Λb only few theoretical estimates of µ2pi(Λb)
exist [64]. A relation between µ2pi(Λb) and µ
2
pi(B) in terms of the measured mass differences
between beauty and charmed mesons and baryons can be exploited [65]:
µ2pi(B)− µ2pi(Λb) =
2mbmc
mb −mc [(mΛb −mΛc)− (mB −mD)]
(
1 +O(1/m2b,c)
)
(34)
(mB,D is the spin-averaged B
(∗) and D(∗) mass), to obtain µ2pi(Λb) from the value of µ
2
pi(B).
Moreover, the approximation ρ3D(Λb) ' ρ3D(B) can be adopted, increasing the uncertainty on
ρ3D(Λb) with respect to the value for B. In our analysis we use: µ
2
pi(Λb) = (0.50± 0.10) GeV2
and ρ3D(Λb) = (0.17 ± 0.08) GeV3. For Λb the HQE parameters µ2G and ρ3LS vanish since the
light diquark has spin zero.
The description of NP effects requires input values for the couplings `V,S,P,T in the Hamilto-
nian (2). For U = u, allowed regions have been determined from the analysis of purely leptonic
B decays and of semileptonic B transitions to pi and ρ(770) [66]. Accordingly, for b→ uµ ν¯µ we
set the benchmark point (BP): (Re[µV ], Im[
µ
V ]) = (0, 0), (Re[
µ
P ], Im[
µ
P ]) = (−0.03, −0.02),
(Re[µT ], Im[
µ
T ]) = (0.12, 0) and (Re[
µ
S], Im[
µ
S]) = (−0.04, 0). For b→ u τ ν¯τ the BP is: τV =
0, τS = 0, (Re[
τ
P ], Im[
τ
P ]) = (0.01, 0) and (Re[
τ
T ], Im[
τ
T ]) = (0.12, 0). For U = c we discuss
NP effects i) considering only the tensor operator, with (Re(µT ), Im(
µ
T )) = (0.115, −0.005)
and (Re(τT ), Im(
τ
T )) = (−0.067, 0), as fixed in [5]. For one observable we also consider
ii) non vanishing couplings only for the τ mode, with Re[τV] = 0.16, Re[
τ
S] = −0.235,
Re[τP ] = −0.095 and Re[τT ] = 0.05 fixed in [67]; the values iii) Re[τV] = 0.07 and iv)
Re[τS] = 0.025, Re[
τ
P] = 0.535, also set in [67].
At odds with the B case, at present there is not enough experimental information on Λb
decays to restrict the ranges of the effective couplings. For b → c modes, semileptonic Λb
transitions to Λ+c , Λ
+
c pi
+pi−, Λc(2595), Λc(2625), Σc(2455)0pi+ and Σc(2455)++pi− have been
observed. The branching fractions are measured for the modes into Λc baryons, and the result
B(Λb → Λc`−ν¯` + anything) = (10.9 ± 2.2) × 10−2 is quoted, with ` = e, µ [63]. For b → u,
the exclusive branching ratio B(Λb → pµ−ν¯) = (4.1± 1.0)× 10−4 is measured [63].
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SM
B(Λb → Xcµν¯µ) 11.0× 10−2
B(Λb → Xcτ ν¯τ ) 2.4× 10−2
B(Λb → Xuµν¯µ) 11.65× 10−4
B(Λb → Xuτ ν¯τ ) 2.75× 10−4
Table 1: Inclusive semileptonic Λb branching fractions in SM, obtained for the central values
of the parameters.
Using |Vcb| = 0.042 and |Vub| = 0.0037, together with τΛb = (1.471± 0.009)× 10−12 s [63],
we obtain the inclusive Λb branching fractions for the two quark transitions and for final τ
and µ lepton. The results for the Standard Model, for the central value of the parameters and
neglecting QCD corrections, are collected in Table 1.
5.1 Observables in the Λb → Xc`ν¯ mode
The double differential distribution
1
Γb
d2Γ
dE` d cos θP
for the SM and NP at the chosen bench-
mark point is shown in Fig. 1 for the muon and for the τ final state. In the case of NP there is
an enhancement of the distribution, more pronounced in the τ case, for charged lepton energy
Eµ ' 1.7 GeV and Eτ ' 2.1 GeV.
The charged lepton energy spectrum is useful to assess the role of the various terms in
the 1/mb expansion. In Fig. 2 we show the result for the muon and the τ case. The impact
of the next-to-leading and next-to-next-to-leading corrections in the HQE is higher for large
values of E` (` = µ, τ), excluding the end-point region where the expansion breaks down. In
the case of τ the corrections affects a wider energy range. The parametric hierarchy between
1/m2b and 1/m
3
b corrections is numerically confirmed.
Comparison of the SM prediction (at O(1/m3b)) to NP at the benchmark point is provided
in Fig. 3, where the NP enhancement already observed in the double distribution is evident,
in particular for the τ mode. The enhancement due to NP can also be observed in the q2
spectrum, Fig. 4: in the muon mode the impact is larger for smaller values of q2, while in the
τ modes the spectrum displays an enhancement in almost all the q2 range.
A significant sensitivity to NP is found in the cos θP distribution displayed in Fig. 5. The
dependence of
dΓ
d cos θP
on cos θP is linear, and NP contributions modify both the slope and
the intercept of the curve. In principle, a measurement of few points in the distribution would
allow to access NP. This is confirmed by the comparison of different scenarios, corresponding
to different benchmark points. Fig. 6 shows how the various operators have a different impact
on the intercept and slope of the distribution. In particular, the tensor operator produces a
large deviation from SM.
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Figure 1: Contour plots of the distribution
1
Γb
d2Γ
dE` d cos θP
for Λb → Xc`ν¯`. The top and bottom
panels refer to ` = µ and ` = τ , respectively, the left and right plots to the Standard Model and to
NP at the benchmark point.
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Figure 2: Charged lepton energy spectrum in SM for Λb → Xc`ν¯`, with ` = µ (left) and ` = τ
(right). The result at leading order in the HQE (blue line), at O(1/m2b) (red line) and at O(1/m3b)
(green line) are displayed.
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Figure 3: Charged lepton energy spectrum for Λb → Xc`ν¯`, with ` = µ (left) and ` = τ (right).
The solid line is the SM result, the dashed line the result for NP at the benchmark point.
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Figure 4: Decay distribution in the dilepton invariant mass q2 for Λb → Xc`ν¯`, with ` = µ (left)
and ` = τ (right). The solid line is the SM result, the dashed line the result for NP at the benchmark
point.
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line is the SM result, the dashed line the NP result at the benchmark point.
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5.2 Λb → Xu`ν¯ mode
b→ u transition displays similar features. The enhancement due to NP appears in the double
differential spectra in Fig. 7, although in this case it is similar in the µ and τ mode. The
various terms in the HQE alter the lepton energy spectrum for large energy, as shown in
Fig. 8. NP affects a wide E` range, with a similar impact for the muon and τ modes, Fig. 9.
The enhancement in the q2 spectrum, displayed in Fig. 10, is lower than in the decay to charm.
The distribution in cos θP is sensitive to NP also in this mode.
5.3 Ratio RΛb(XU)
For inclusive semileptonic Λb decays it is interesting to consider a ratio analogous to R(D
(∗)) for
B meson, to compare the τ and the muon mode using a quantity in which several theoretical
uncertainties are canceled:
RΛb(XU) =
Γ(Λb → XU τ ν¯τ )
Γ(Λb → XU µ ν¯µ) (U = u, c) . (35)
For this ratio we obtain:
RΛb(Xu)
SM = 0.234 , RΛb(Xu)
NP = 0.238 , (36)
RΛb(Xc)
SM = 0.214 , RΛb(Xc)
NP = 0.240 . (37)
The result confirms the higher sensitivity of the charm mode to NP. It would be important to
observe a correlation of this measurement with the result for B meson.
As a last observable, we define another ratio sensitive to lepton flavour universality violating
NP effects. It can be constructed from the distribution
dΓ(Λb → XU`ν¯`)
d cos θP
= AU` + B
U
` cos θP .
The intercept of the distribution is AU` =
1
2
Γ(Λb → XU`ν¯`), hence RΛb(XU) =
AUτ
AUµ
. The
ratio of the slopes RUS =
BUτ
BUµ
has a definite value in SM, and can deviate from it due to NP.
In SM we find: RcS = 0.1 and R
u
S = 0.08. A correlation between RΛb(XU) and R
U
S can be
costructed. As an example, for Λb → Xcτ ν¯τ with the effective Hamiltonian extended including
a tensor operator, we vary the couplings (Re(µT ), Im(
µ
T )) and (Re(
τ
T ), Im(
τ
T )) in the regions
determined in [5]. The correlation plot in Fig. 12 shows that the (challenging) measurement
of the two ratios would separate SM from NP.
6 Conclusions
We have presented a reappraisal of the calculation of the inclusive semileptonic decay width of
a heavy hadron, focusing on polarized Λb. We present the expressions for the full differential
decay distribution and for the fully integrated width at order O(1/m3b) in the HQE, at leading
order in αs and for non vanishing charged lepton mass. The computation is done extending the
SM effective Hamiltonian by the inclusion of vector, scalar, pseudoscalar and tensor operators,
each one weighted by a lepton-flavour dependent coefficient.
16
0.5 1.0 1.5 2.0
-1.0
-0.5
0.0
0.5
1.0
�μ [���]
���
θ �
�Γ� �� Γ (Λ�→�� μ νμ)��μ ����θ� [���-�] (��)
0
0.1
0.2
0.3
0.4
0.5
0.6
0.5 1.0 1.5 2.0
-1.0
-0.5
0.0
0.5
1.0
�μ [���]
���
θ �
�Γ� �� Γ (Λ�→�� μ νμ)��μ ����θ� [���-�] (��+��)
0
0.1
0.2
0.3
0.4
0.5
0.6
1.8 2.0 2.2 2.4 2.6
-1.0
-0.5
0.0
0.5
1.0
�τ [���]
���
θ �
�Γ� �� Γ (Λ�→�� τ ντ)��τ ����θ� [���-�] (��)
0.07
0.12
0.17
0.20
0.22
0.27
0.32
1.8 2.0 2.2 2.4 2.6
-1.0
-0.5
0.0
0.5
1.0
�τ [���]
���
θ �
�Γ� �� Γ (Λ�→�� τ ντ)��τ ����θ� [���-�] (��+��)
0.07
0.12
0.17
0.20
0.22
0.27
0.32
Figure 7: Contour plots of the distribution
1
Γb
d2Γ
dE` d cos θP
for Λb → Xu`ν¯`. The top and bottom
panels refer to ` = µ and ` = τ , respectively, the left and right panels to the Standard Model and to
NP at the benchmark point.
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Figure 9: Charged lepton energy spectrum for Λb → Xu`ν¯`, with ` = µ (left) and ` = τ (right).
The solid line corresponds to SM, the dashed line to NP at the benchmark point.
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Figure 10: q2 distribution for Λb → Xu`ν¯`, with ` = µ (left) and ` = τ (right). The solid line
corresponds to SM, the dashed line to NP at the benchmark point.
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Figure 11: Decay distribution
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for Λb → Xu`ν¯`, with ` = µ (left) and ` = τ (right). The
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Figure 12: Λb → Xcτ ν¯τ : correlation between RΛb(Xc) and the ratio RcS of the slopes of the
dΓ
d cos θP
distribution. The dot corresponds to SM, the broad region to NP with the effective couplings varied
as specified in the text.
Our study improves the SM result, previously known at order O(1/m2b) for a polarized
hadron, providing the expressions of the hadronic matrix elements. This allows to analyze
other b-flavoured baryon modes, as well as other inclusive processes. Moreover, the study sup-
plies the elements for analyzing different operators in the effective weak Hamiltonian density.
Possible NP effects are systematically investigated in various distributions. In particular,
in view of the tension in the ratios R(D(∗)) for B mesons, we have studied the analogous
ratios RΛb(Xc,u). Among other results, we have found that the
dΓ
d cos θP
distribution, linear in
cos θP , is sensitive to NP. The slope of the distribution, for a hadronic final state Xc or Xu,
depends on the final lepton species, hence the ratio Rc,uS of the slopes, for ` = τ vs ` = µ, is
sensitive to possible lepton flavour universality violation. For Λb → Xc`ν¯` when the effective
Hamiltonian includes a tensor operator, we have shown that a deviation from SM in RΛb(Xc)
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is related to a deviation in RcS, an interesting, although challenging, correlation to investigate.
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A Hadronic Matrix Elements
In this appendix we collect the hadronic matrix elements involved in the heavy quark expansion
to O(1/m3b). The relations are employed:
i µναβvαP+γβγ5P+ = −P+(−i σµν)P+ , σµν = − i
2
µναβσαβγ5 . (A.1)
The terms independent of the spin four-vector sµ agree with Ref. [49].
Dimension 6 operator
The matrix element is computed in HQET:
〈Hb(v, s)|(h¯v)a(iD)τ (iD)λ(iD)σ(hv)b|Hb(v, s)〉 = (AD6)τλσ(P+)ba + (BD6)τλσµ [P+γµγ5P+]ba
(A.2)
with a, b Dirac indices. A(D6) and B(D6) are parity-even and parity-odd, respectively. Using
the expansion
(A(D6))τλσ = A
(D6)
1 Π
τσvλ + A
(D6)
2 i 
τσαβvαsβv
λ
(B(D6))τλσµ = B
(D6)
1 Π
τσvλsµ +B
(D6)
2 i 
τσαµvαv
λ (A.3)
we find:
A
(D6)
1 = −B(D6)1 =
mH
3
ρˆ3D
A
(D6)
2 =
mH
2
ρˆ3LS (A.4)
B
(D6)
2 =
mH
6
ρˆ3LS .
This gives the expression of the matrix element:
〈Hb(v, s)|(h¯v)a(iD)τ (iD)λ(iD)σ(hv)b|Hb(v, s)〉 =(mH
3
ρˆ3DΠ
τσvλ +
mH
2
ρˆ3LS i 
τσαβvαsβv
λ
)
[P+]ba
+
(
−mH
3
ρˆ3DΠ
τσvλsµ +
mH
6
ρˆ3LS i 
τσαµvαv
λ
)
[P+γµγ5P+]ba . (A.5)
Dimension 5 operator
The matrix element, computed in QCD, can be expressed as:
〈Hb(v, s)|(b¯v)a(iD)τ (iD)σ(bv)b|Hb(v, s)〉 = (A(D5))τσgba + (B(D5))τσ(γ5)ba + (C(D5))τσµ(γµ)ba
+ (D(D5))τσµ(γµγ5)ba + (E
(D5))τσµν(−iσµν)ba , (A.6)
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with A(D5), C(D5), E(D5) parity-even and B(D5), D(D5) parity-odd. They can be expanded as:
(A(D5))τσ = A
(D5)
1 g
τσ + A
(D5)
2 v
τvσ + A
(D5)
3 i 
τσαβvαsβ
(B(D5))τσ = B
(D5)
1 v
τsσ +B
(D5)
2 s
τvσ
(C(D5))τσµ = C
(D5)
1 g
τσvµ + C
(D5)
2 g
τµvσ + C
(D5)
3 g
µσvτ + C
(D5)
4 v
τvσvµ +
+ C
(D5)
5 i 
τσαβvαsβv
µ + C
(D5)
6 i 
σαβµvαsβv
τ + C
(D5)
7 i 
ταβµvαsβv
σ
(D(D5))τσµ = D
(D5)
1 g
τσsµ +D
(D5)
2 v
τvσsµ +D
(D5)
3 i 
τσθµvθ
+D
(D5)
4 g
σµsτ +D
(D5)
5 g
τµsσ +D
(D5)
6 v
µvσsτ +D
(D5)
7 v
µvτsσ (A.7)
(E(D5))τσµν = E
(D5)
1 (g
µτgνσ − gντgµσ) +
+ E
(D5)
2 (g
µτvν − gντvµ)vσ + E(D5)3 (gµσvν − gνσvµ)vτ +
+ E
(D5)
4 g
τσ i µναβvαsβ + E
(D5)
5 v
τvσ i µναβvαsβ +
+ E
(D5)
6 i 
µνσαsαvτ + E
(D5)
7 i 
µνταsαvσ +
+ E
(D5)
8 i 
µνσαvαsτ + E
(D5)
9 i 
µνταvαsσ .
We obtain:
A
(D5)
1 = −A(D5)2 = −
mH
6
µˆ2pi A
(D5)
3 =
mH
4
[
µˆ2G +
ρˆ3D + ρˆ
3
LS
mb
]
B
(D5)
1 = −B(D5)2 =
mH
12mb
ρˆ3D
C
(D5)
1 = −
mH
6
µˆ2pi C
(D5)
2 = C
(D5)
3 =
mH
12mb
(
ρˆ3D + ρˆ
3
LS
)
C
(D5)
4 =
mH
6
µˆ2pi −
mH
6mb
(
ρˆ3D + ρˆ
3
LS
)
C
(D5)
5 =
mH
4
[
µˆ2G +
ρˆ3D + ρˆ
3
LS
mb
]
C
(D5)
6 = −C(D5)7 = −
mH
24mb
(
2ρˆ3D + 3ρˆ
3
LS
)
D
(D5)
1 = −D(D5)2 =
mH
6
µˆ2pi D
(D5)
3 =
mH
12
[
µˆ2G +
ρˆ3D + ρˆ
3
LS
mb
]
D
(D5)
6 = D
(D5)
7 =
mH
12mb
ρˆ3D
E
(D5)
1 = −
mH
24
[
µˆ2G +
ρˆ3D + ρˆ
3
LS
mb
]
E
(D5)
2 = −E(D5)3 =
mH
24
µˆ2G +
mH
12mb
(
ρˆ3D + ρˆ
3
LS
)
E
(D5)
4 = −
mH
12
µˆ2pi E
(D5)
5 =
mH
12
µˆ2pi −
mH
24mb
(
2ρˆ3D + 3ρˆ
3
LS
)
E
(D5)
6 = E
(D5)
7 =
mH
48mb
(
2ρˆ3D + 3ρˆ
3
LS
)
D
(D5)
4 = D
(D5)
5 = E
(D5)
8 = E
(D5)
9 = 0 .
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The previous expressions allow us to write the matrix element:
〈Hb(v, s)|(b¯v)a(iD)τ (iD)σ(bv)b|Hb(v, s)〉 = −mH
3
µˆ2pi Π
τσ
[
P+ − sµSˆµ
]
ba
+
mH
2
(
µˆ2G +
ρˆ3D + ρˆ
3
LS
mb
)
i τσαβvα
[
sβ P+ +
1
3
Sˆβ
]
ba
+
mH
6mb
ρˆ3D [v
τsσP+γ5 − vσsτγ5P+]ba
− mH
6mb
(
ρˆ3D + ρˆ
3
LS
) [− vτsσP+γ5 − vσsτγ5P+ + (2vτvσP+ − vσγτP+ − vτP+γσ)(1− 6s γ5)]
ba
− mH
12mb
ρˆ3LS
[
− vτsσP+γ5 − vσsτγ5P+ − (2vτvσP+ − vσγτP+ − vτP+γσ)6s γ5
]
ba
. (A.8)
Dimension 4 operator
The procedure for computing the matrix element in QCD, using the expansion in Dirac
matrices, is analogous to the D = 5 case. The results is:
〈Hb(v, s)|(b¯v)a(iD)τ (bv)b|Hb(v, s)〉 = mH
2mb
(
µˆ2pi − µˆ2G
) [(
vτP+ − 1
3
(γτ − vτ 6v )
)
(1− 6s γ5)
]
ba
− mH
3mb
µˆ2pis
τ [P+γ5]ba +
mH
12mb
µˆ2G
[
− (γτ − vτ 6v )6s γ5 + 3sτγ5
]
ba
+
mH
12m2b
(
ρˆ3D + ρˆ
3
LS
)
[γτ − 4vτ 6v ]ba
+
mH
12m2b
ρˆ3D [v
τ 6s γ5 − sτ 6v γ5]ba
+
mH
6m2b
ρˆ3D
[
− (γτ − 2vτ 6v )6s γ5 + sτγ5
]
ba
+
mH
8m2b
ρˆ3LS
[
− (γτ − 3vτ 6v )6s γ5 + sτγ5
]
ba
. (A.9)
Dimension 3 operator
The matrix element computed in QCD reads:
〈Hb(v, s)|(b¯v)a(bv)b|Hb(v, s)〉 =
[(
mHP+ − mH
4m2b
(
µˆ2pi − µˆ2G
))
(1− 6s γ5)
]
ba
+
mH
4m2b
(
µˆ2pi − µˆ2G
)
[P+ 6s γ5]ba −
mH
6m2b
(
µˆ2pi +
ρˆ3D
mb
)
[P− 6s γ5]ba .(A.10)
The matrix elements can be related using the equation of motion for bv:
〈Hb(v, s)|b¯v(iD)µ1 . . . (iD)µnΓbv|Hb(v, s)〉 = 1
2
〈Hb(v, s)|b¯v(iD)µ1 . . . (iD)µn{Γ, 6v }bv|Hb(v, s)〉
+
1
2mb
〈Hb(v, s)|b¯v{(i 6D ), (iD)µ1 . . . (iD)µnΓ}bv|Hb(v, s)〉 (A.11)
for a generic Dirac matrix Γ. This allows to relate the coefficients of matrix elements of
operators of different dimensions, providing a check of the results [68].
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B Hadronic tensor for the Standard Model and for the
extended Hamiltonian
We provide the tensor T ij for the b → U modes (U = u, c) for the Standard Model and
for the effective Hamiltonian in Eq. (2), expanded in invariant functions. We provide their
expressions for the single operators (Standard Model, S, P, T) and for the interferences.
• Standard Model
This case amounts to choosing i = j = 1 in Eq. (5) and J
(1)
µ = U¯γµ(1 − γ5)b. For a
polarized baryon the corresponding tensor T µνSM can be expanded in terms of the functions
T1,...,5 and S1,...,13 [52]:
T µνSM = −gµνT1 + vµvνT2 − i µναβvαqβT3 + qµqνT4 + (qµvν + qνvµ)T5
− (q · s)
[
− gµνS1 + vµvνS2 − i µναβvαqβS3 + qµqνS4 + (qµvν + qνvµ)S5
]
+ (sµvν + sνvµ)S6 + (s
µqν + sνqµ)S7 + i 
µναβvαsβ S8 + i 
µναβqαsβ S9 (B.1)
+ (sµvν − sνvµ)S10 + (sµqν − sνqµ)S11
+
(
vµ ναβδqαvβsδ + v
ν µαβδqαvβsδ
)
i S12 +
(
qµ ναβδqαvβsδ + q
ν µαβδqαvβsδ
)
i S13 .
The 1/mb expansion of the these functions reads:
T1 = 2mH
{
1
∆0
[
2(mb − v · q) + (µˆ
2
pi − µˆ2G)
3mb
− 2(ρˆ
3
D + ρˆ
3
LS)
3m2b
]
+
2
3mb∆20
[ (
µˆ2pi − µˆ2G
) [
2(q2 − (v · q)2) + 3(v · q)(mb − v · q)
]
+ µˆ2G4mb(mb − v · q)
+
(ρˆ3D + ρˆ
3
LS)
mb
[
6mb(mb − v · q)− q2 + 4(v · q)2
]− 4mbρˆ3LS] (B.2)
− 8
3∆30
[
q2 − (v · q)2] (mb − v · q)[µˆ2pi − ρˆ3D + ρˆ3LSmb
]
− 16
3∆40
ρˆ3D
[
q2 − (v · q)2] (mb − v · q)2}
24
T2 = 2mH
{
2
∆0
[
2mb +
5
3mb
(
µˆ2pi − µˆ2G
)− 4
3m2b
(
ρˆ3D + ρˆ
3
LS
) ]
+
4
3mb∆20
[
7mbv · q µˆ2pi +mb(2mb − 5v · q) µˆ2G
+ 6(mb − v · q) ρˆ3D + 2(2mb − 3v · q) ρˆ3LS
]
(B.3)
− 8
3∆30
[
2mb
[
q2 − (v · q)2] µˆ2pi − 2v · q(mb − v · q) (2ρˆ3D + ρˆ3LS)+ q2ρˆ3LS]
− 32
3∆40
ρˆ3D
[
q2 − (v · q)2]mb(mb − v · q)}
T3 = −2mH
{
2
∆0
+
2
3m2b∆
2
0
[
5mbv · q
(
µˆ2pi − µˆ2G
)
+ 6m2b µˆ
2
G + 2(3mb − 2v · q)
(
ρˆ3D + ρˆ
3
LS
) ]
+
8
3∆30
[
− [q2 − (v · q)2]µˆ2pi + v · q (mb − v · q)
ρˆ3D
mb
− (mb − v · q)2 ρˆ
3
LS
mb
]
− 16
3∆40
ρˆ3D[q
2 − (v · q)2](mb − v · q)
}
(B.4)
T4 = 2mH
{
4
3mb∆20
[
2
(
µˆ2pi − µˆ2G
)− (ρˆ3D + ρˆ3LS)
mb
]
+
8
3mb∆30
[
2(mb − v · q)ρˆ3D + (mb − 2v · q)ρˆ3LS
]}
(B.5)
T5 = 2mH
{
− 2
∆0
+
2
3mb∆20
[
− 4mbµˆ2pi − 5v · q
(
µˆ2pi − µˆ2G
)
+ 4
v · q
mb
(
ρˆ3D + ρˆ
3
LS
) ]
+
8
3∆30
[ [
q2 − (v · q)2] µˆ2pi + [−2m2b +mbv · q + (v · q)2] ρˆ3Dmb (B.6)
+
[−m2b +mbv · q + (v · q)2] ρˆ3LSmb
]
+
16
3∆40
ρˆ3D
[
q2 − (v · q)2] (mb − v · q)}
25
S1 = 2mH
{
− 2
∆0
[
1− 7µˆ
2
pi − 9µˆ2G
12m2b
+
ρˆ3D
6m3b
]
+
2
3mb∆20
[−5v · q µˆ2pi + 3(v · q − 2mb)µˆ2G − 4ρˆ3D − 3ρˆ3LS]
+
8
3∆30
[
[q2 − (v · q)2] µˆ2pi − v · q (mb − v · q)
ρˆ3D
mb
]
(B.7)
+
16
3∆40
ρˆ3D(mb − v · q)
[
q2 − (v · q)2]}
S2 = 2mH
{
2
3∆20
[
4mbµˆ
2
pi − 6mbµˆ2G − 8ρˆ3D − 9ρˆ3LS
]
+
8
3∆30
[
2(mb − v · q)ρˆ3D − 3(v · q) ρˆ3LS
]}
(B.8)
S3 = −2mH
{
2
3mb∆20
[
2µˆ2pi +
ρˆ3D
mb
]
+
4
3mb∆30
[
2(mb − v · q)ρˆ3D − 3mbρˆ3LS
]}
(B.9)
with S4 = 0 and S5 = S3,
S6 = 2mH
{
1
∆0
[
− 2mb − 1
2mb
(
µˆ2pi + µˆ
2
G
)− ρˆ3D
3m2b
]
+
1
3∆20
[
− 10v · q µˆ2pi − 4(mb + v · q)
ρˆ3D
mb
− 9v · q ρˆ
3
LS
mb
]
+
4
3∆30
[
2mb[q
2 − (v · q)2] µˆ2pi − 2v · q (mb − v · q)ρˆ3D + 3[q2 − (v · q)2] ρˆ3LS
]
+
16mb
3∆40
[q2 − (v · q)2](mb − v · q)ρˆ3D
}
(B.10)
S7 = 2mH
{
2
∆0
[
1− 7µˆ
2
pi − 9µˆ2G
12m2b
+
ρˆ3D
6m3b
]
+
1
3mb∆20
[
2(2mb + 3v · q)µˆ2pi + 6(mb − v · q)µˆ2G + 2(2mb − v · q)
ρˆ3D
mb
+ 3ρˆ3LS
]
+
8
3∆30
[
− [q2 − (v · q)2]µˆ2pi + (mb − v · q)ρˆ3D
]
(B.11)
− 16
3∆40
[q2 − (v · q)2](mb − v · q)ρˆ3D
}
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S8 = −2mH
{
−2mb
∆0
[
1− 5µˆ
2
pi − 3µˆ2G
12m2b
− ρˆ
3
D
6m3b
]
+
1
3∆20
[
− 10v · q µˆ2pi − 12(mb − v · q) µˆ2G − 4(3mb − 2v · q)
ρˆ3D
mb
+ 9v · q ρˆ
3
LS
mb
]
+
4
3∆30
[
[q2 − (v · q)2] [2mbµˆ2pi − 3ρˆ3LS]− 2v · q (mb − v · q)ρˆ3D] (B.12)
+
16
3∆40
ρˆ3Dmb(mb − v · q)[q2 − (v · q)2]
}
S9 = −2mH
{
2
∆0
[
1− 7µˆ
2
pi − 9µˆ2G
12m2b
+
ρˆ3D
6m3b
]
+
1
3mb∆20
[
2(2mb + 3v · q) µˆ2pi + 6(mb − v · q) µˆ2G − 2v · q
ρˆ3D
mb
− 3ρˆ3LS
]
+
8
3∆30
[
− [q2 − (v · q)2] µˆ2pi + (mb − v · q)ρˆ3D
]
(B.13)
− 16
3∆40
ρˆ3D(mb − v · q)[q2 − (v · q)2]
}
and S10,11,12,13 = 0.
• Scalar operator in Heff
This case amounts to choosing i = j = 2 in Eq. (5). TS is expanded as
TS = TS1 + (q · s)SS1 (B.14)
with
TS1 = 2mH
{
1
∆0
[
(mb +mU − v · q)− mb +mU
2m2b
(
µˆ2pi − µˆ2G
) ]
+
1
3mb∆20
[(
2[q2 − (v · q)2] + 3v · q (mb +mU − v · q)
) (
µˆ2pi − µˆ2G
)
− [q2 − 4(v · q)2] ρˆ
3
D + ρˆ
3
LS
mb
]
(B.15)
+
4
3∆30
[q2 − (v · q)2]
[
− (mb +mU − v · q)µˆ2pi + (mb − v · q)
ρˆ3D
mb
− v · q ρˆ
3
LS
mb
]
− 8
3∆40
[q2 − (v · q)2](mb − v · q)(mb +mU − v · q)ρˆ3D
}
and SS1 = 0.
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• Pseudoscalar operator in Heff
The tensor is obtained choosing i = j = 3 in Eq. (5), and is expanded as
TP = TP1 + (q · s)SP1 . (B.16)
The two functions in (B.16) are given by the corresponding ones in (B.14) replacing
mU → −mU .
• Interference between the SM and the scalar operator in Heff
The tensor is obtained when (i, j) = (1, 2) and (2, 1) in Eq. (5). We denote the two
contributions as TSMS and TSSM , respectively. Using the expansion
T µSMS = TSMS,1 v
µ + TSMS,2 q
µ
−(q · s)
[
SSMS,1 v
µ + SSMS,2 q
µ
]
+ SSMS,3 s
µ + SSMS,4 i 
µαβδqαvβsδ (B.17)
and the analogous one for TSSM , we find:
TSMS,1 = 2mH
{
1
∆0
(mb +mU)
− v · q
3m2b∆
2
0
[
− 5mb(mb +mU)µˆ2pi +mb(mb + 5mU)µˆ2G − 4(mb −mU)
(
ρˆ3D + ρˆ
3
LS
) ]
− 4
3mb∆30
[
mb(mb +mU)
[
q2 − (v · q)2] µˆ2pi − (mb +mU)v · q (mb − v · q)ρˆ3D
+
[
mb
[
q2 − (v · q)2]+mU(v · q)2] ρˆ3LS] (B.18)
− 8
3∆40
ρˆ3D(mb +mU)(mb − v · q)
[
q2 − (v · q)2]}
TSMS,2 = 2mH
{
− 1
∆0
[
1− (µˆ
2
pi − µˆ2G)
2m2b
]
− 1
3m2b∆
2
0
[
mb(2mU + 3v · q)
(
µˆ2pi − µˆ2G
)
+ 2m2b
(
µˆ2pi + µˆ
2
G
)
+ (mb −mU)
(
ρˆ3D + ρˆ
3
LS
) ]
(B.19)
− 4
3mb∆30
[
−mb[q2 − (v · q)2]µˆ2pi + ρˆ3D(mb +mU)(mb − v · q)−mUv · qρˆ3LS
]
+
8
3∆40
ρˆ3D(mb − v · q)
[
q2 − (v · q)2]}
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SSMS,1 = 2mH
{
1
∆0
[
1− (5µˆ
2
pi − 3µˆ2G)
12m2b
− ρˆ
3
D
6m3b
]
+
1
3m2b∆
2
0
[
mb(2mb + 2mU + 5v · q)µˆ2pi − 6mbv · q µˆ2G
+ (−mb +mU − 4v · q)ρˆ3D −
9
2
(v · q) ρ3LS
]
(B.20)
+
2
3mb∆30
[
− 2mb[q2 − (v · q)2]µˆ2pi + 2(mb − v · q)(mb +mU + v · q)ρˆ3D − 3(v · q)2ρˆ3LS
]
− 8
3∆40
ρˆ3D(mb − v · q)
[
q2 − (v · q)2]}
SSMS,2 = 2mH
{
1
6m2b∆
2
0
[
− 4mbµˆ2pi + 6mbµˆ2G + 4ρˆ3D + 3ρˆ3LS
]
+
2
3mb∆30
[
− 2(mb − v · q)ρˆ3D + 3v · qρˆ3LS
]}
(B.21)
SSMS,3 = 2mH
{
1
∆0
[
−mb −mU + v · q + 7mb + 7mU − 5v · q
12m2b
µˆ2pi
− 3mb + 3mU − v · q
4m2b
µˆ2G −
mb +mU + v · q
6m3b
ρˆ3D
]
+
1
3mb∆20
[
− (2q2 + v · q(3mb + 3mU − 5v · q)) µˆ2pi
+ 3
(
q2 + v · q(mb +mU − 2v · q)
)
µˆ2G +
(
2q2 + v · q(−mb +mU − 4v · q)
) ρˆ3D
mb
+ 3[q2 − 3(v · q)2] ρˆ
3
LS
2mb
]
(B.22)
+
2
3mb∆30
[q2 − (v · q)2]
[
2mb(mb +mU − v · q)µˆ2pi − 2(mb − v · q)ρˆ3D + 3v · qρˆ3LS
]
+
8
3∆40
ρˆ3D(mb − v · q)[q2 − (v · q)2](mb +mU − v · q)
}
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SSMS,4 = 2mH
{
1
∆0
[
1− (5µˆ
2
pi − 3µˆ2G)
12m2b
− ρˆ
3
D
6m3b
]
+
1
3m2b∆
2
0
[
5mbv · qµˆ2pi + 6mb(mb − v · q)µˆ2G + 2(3mb − 2v · q)ρˆ3D +
3
2
(4mb − 3v · q)ρˆ3LS
]
− 2
3mb∆30
[
2mb[q
2 − (v · q)2]µˆ2pi − 2v · q(mb − v · q)ρˆ3D + 3
[
(mb − v · q)2 +mbmU
]
ρˆ3LS
]
− 8
3∆40
ρˆ3D(mb − v · q)[q2 − (v · q)2]
}
(B.23)
and TSMS,i = TSSM,i (for i = 1, 2), SSMS,i = SSSM,i (for i = 1, 2, 3), SSMS,4 = −SSSM,4.
• Interference between the SM and the pseudoscalar operators in Heff
The tensor is obtained for (i, j) = (1, 3) and (i, j) = (3, 1) in Eq. (5). We denote the two
contributions as TSMP and TPSM , respectively, with the expansion
T µSMP = TSMP,1 v
µ + TSMP,2 q
µ
− (q · s)
[
SSMP,1 v
µ + SSMP,2 q
µ
]
+ SSMP,3 s
µ + SSMP,4 i 
µαβδqαvβsδ , (B.24)
and the analogous one for TPSM . The functions in (B.24) are given by the corresponding
ones in (B.17) replacing mU → −mU .
• Interference between the scalar and pseudoscalar operators in Heff
This case amounts to choosing (i, j) = (2, 3) and (i, j) = (3, 2) in Eq. (5). We denote
the two terms as TSP and TPS, respectively. Writing
TSP = TSP,1 − (q · s)SSP,1 (B.25)
and analogously for TPS, we have TSP,1 = TPS,1 = 0 and
SSP,1 = SPS,1 = 2mH
{
1
∆0
[
1−mb (7µˆ
2
pi − 9µˆ2G)
12m2b
+
ρˆ3D
6m3b
]
+
v · q
3mb∆20
(
5µˆ2pi − 3µˆ2G
)
+
4
3mb∆30
[−mb[q2 − (v · q)2]µˆ2pi + v · q(mb − v · q)ρˆ3D] (B.26)
− 8
3∆40
ρˆ3D(mb − v · q)[q2 − (v · q)2]
}
.
• Tensor operator in Heff
This case amounts to choosing i = j = 4 in Eq. (5). The corresponding tensor TT can
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be expanded as:
T µ
′ν′µν
T = i 
µνµ′ν′ [TT0 − (q · s)ST0] +
[
gµµ
′
gνν
′ − gµν′gνµ′
]
[TT1 − (q · s)ST1]
+
{
− gµµ′
[
vνvν
′
[TT2 − (q · s)ST2]− i νν′αβvαqβ [TT3 − (q · s)ST3] + qνqν′ [TT4 − (q · s)ST4]
+(qνvν
′
+ qν
′
vν) [TT5 − (q · s)ST5]
]
+
(
µ↔ ν ∧ µ′ ↔ ν ′)− (µ↔ ν)− (µ′ ↔ ν ′)}
+
{
i vµανµ
′ν′vα [TT6 − (q · s)ST6] + i qµανµ′ν′vα [TT7 − (q · s)ST7]
+i vµανµ
′ν′qα [TT8 − (q · s)ST8] + i qµανµ′ν′qα [TT9 − (q · s)ST9]−
(
µ↔ ν)}
+
{
i vµ
′
αν
′µνvα [TT10 − (q · s)ST10] + i qµ′αν′µνvα [TT11 − (q · s)ST11]
+i vµ
′
αν
′µνqα [TT12 − (q · s)ST12] + i qµ′αν′µνqα [TT13 − (q · s)ST13]−
(
µ′ ↔ ν ′)}
+
{
− gµµ′
[
(sνvν
′
+ sν
′
vν)ST14 + (q
νsν
′
+ qν
′
sν)ST15 + i 
νν′αβvαsβ ST16
+i νν
′αβqαsβ ST17 + (s
νvν
′ − sν′vν)ST18 + (qνsν′ − qν′sν)ST19
+ivν ν
′αβδqαvβsδ ST20A + iv
ν′ ναβδqαvβsδ ST20B
+iqν ν
′αβδqαvβsδ ST21A + iq
ν′ ναβδqαvβsδ ST21B
]
+vµvµ
′
[
(q · s) i νν′αβqαvβ ST22 + i νν′αβvαsβ ST23 + i νν′αβqαsβ ST24
+iqν ν
′αβδqαvβsδ ST25A + iq
ν′ ναβδqαvβsδ ST25B
]
−i µµ′αβvαqβ vνsν′ ST26 + qµvµ′
[
i νν
′αβvαsβ ST27A
]
+ qµ
′
vµ
[
i νν
′αβvαsβ ST27B
]
+
(
µ↔ ν ∧ µ′ ↔ ν ′)− (µ↔ ν)− (µ′ ↔ ν ′)} (B.27)
+i (qµvν − qνvµ)µ′ν′αβvαqβ TT14 + i (qµ′vν′ − qν′vµ′)µναβvαqβ TT15
+i (qµvν − qνvµ)µ′ν′αβvαsβ ST28 + i (qµ′vν′ − qν′vµ′)µναβvαsβ ST29
+
{
i sµανµ
′ν′vα ST30 + i s
µανµ
′ν′qα ST31 + i v
µανµ
′ν′sα ST32 + i q
µανµ
′ν′sα ST33 −
(
µ↔ ν)}
+
{
i sµ
′
αν
′µνvα ST34 + i s
µ′αν
′µνqα ST35 + i v
µ′αν
′µνsα ST36 + i q
µ′αν
′µνsα ST37 −
(
µ′ ↔ ν ′)}
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The various functions are given by:
TT0 = 2mH
{
1
∆0
[
− 2(mb − v · q)− 5
3mb
(
µˆ2pi − µˆ2G
)
+
4
3m2b
(
ρˆ3D + ρˆ
3
LS
) ]
+
2
3mb∆20
[
[−2q2 − 3mbv · q + 5(v · q)2]µˆ2pi + [−3m2b + 2q2 + 6mbv · q − 5(v · q)2]µˆ2G
+
−7mb(mb − v · q) + q2 − 4(v · q)2
mb
(
ρˆ3D + ρˆ
3
LS
)
+ 3mbρˆ
3
LS
]
(B.28)
+
8
3mb∆30
(mb − v · q)[q2 − (v · q)2]
[
mbµˆ
2
pi −
(
ρˆ3D + ρˆ
3
LS
) ]
+
16
3∆40
(mb − v · q)2[q2 − (v · q)2]ρˆ3D
}
ST0 = 2mH
{
2
∆0
[
1− (7µˆ
2
pi − 9µˆ2G)
12m2b
+
ρˆ3D
6m3b
]
+
2
3mb∆20
[
5v · q µˆ2pi + 3(mb − v · q)µˆ2G + ρˆ3D
]
+
8
3mb∆30
[
−mb[q2 − (v · q)2] µˆ2pi + v · q(mb − v · q)ρˆ3D
]
(B.29)
− 16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
TT1 = 2mH
{
1
∆0
[
2(mb − v · q) + 5
3mb
(
µˆ2pi − µˆ2G
)− 4
3m2b
(
ρˆ3D + ρˆ
3
LS
) ]
+
2
3mb∆20
[
[2q2 + (3mb − 5v · q)v · q]µˆ2pi + [4m2b − 2q2 − 7mbv · q + 5(v · q)2]µˆ2G
+ 4mbρˆ
3
D +
4(mb − v · q)2 − q2
mb
(
ρˆ3D + ρˆ
3
LS
) ]
(B.30)
− 8
3mb∆30
[q2 − (v · q)2]
[
(mb − v · q)
(
mbµˆ
2
pi − ρˆ3D
)− (2mb − v · q)ρˆ3LS]
− 16
3∆40
(mb − v · q)2[q2 − (v · q)2]ρˆ3D
}
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TT2 = 2mH
{
2
∆0
[
2mb +
5
3mb
(
µˆ2pi − µˆ2G
)− 4
3m2b
(
ρˆ3D + ρˆ
3
LS
) ]
+
4
3mb∆20
[
7mb(v · q)µˆ2pi +mb(4mb − 5v · q)µˆ2G + 2(4mb − 3v · q)ρˆ3D + 2(2mb − 3v · q)ρˆ3LS
]
+
8
3∆30
[
− 2mb[q2 − (v · q)2]µˆ2pi + 4v · q(mb − v · q)ρˆ3D + [q2 + 2v · q(mb − v · q)]ρ3LS
]
− 32
3∆40
mb(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
(B.31)
TT3 = 2mH
{
− 2
∆0
− 2
3m2b∆
2
0
[
5mbv · q
(
µˆ2pi − µˆ2G
)
+ 6m2b µˆ
2
G + 2(3mb − 2v · q)
(
ρˆ3D + ρˆ
3
LS
) ]
+
8
3mb∆30
[
mb[q
2 − (v · q)2]µˆ2pi − v · q(mb − v · q)ρˆ3D + (mb − v · q)2ρ3LS
]
(B.32)
+
16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
TT4 = 2mH
{
4
3m2b∆
2
0
[
2mb
(
µˆ2pi − µˆ2G
)− (ρˆ3D + ρˆ3LS) ]
+
8
3mb∆30
[
2(mb − v · q)ρˆ3D + (3mb − 2v · q)ρ3LS
]}
(B.33)
TT5 = 2mH
{
− 2
∆0
− 2
3m2b∆
2
0
[
mb(4mb + 5v · q)µˆ2pi +mb(2mb − 5v · q)µˆ2G
+ 2(mb − 2v · q)
(
ρˆ3D + ρˆ
3
LS
) ]
+
8
3mb∆30
[
mb[q
2 − (v · q)2]µˆ2pi + [−2m2b +mbv · q + (v · q)2]ρˆ3D
+ [−m2b −mbv · q + (v · q)2]ρˆ3LS
]
+
16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
(B.34)
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and
ST1 = 2mH
{
− 2
∆0
[
1− (7µˆ
2
pi − 9µˆ2G)
12m2b
+
ρˆ3D
6m3b
]
+
2
3mb∆20
[
− v · q (5µˆ2pi − 3µˆ2G)+ 2 (2ρˆ3D + 3ρˆ3LS) ]
+
8
3mb∆30
[
mb[q
2 − (v · q)2]µˆ2pi − v · q(mb − v · q)ρˆ3D
]
(B.35)
+
16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
ST2 = 2mH
{
2
3mb∆20
[
2mb
(
2µˆ2pi + 3µˆ
2
G
)
+ 8ρˆ3D + 9ρˆ
3
LS
]
+
8
3∆30
[
2(mb − v · q)ρˆ3D + 3v · qρˆ3LS
]}
(B.36)
ST3 = 2mH
{
− 2
3m2b∆
2
0
[
2mbµˆ
2
pi + ρˆ
3
D
]− 4
3mb∆30
[
2(mb − v · q)ρˆ3D − 3mbρˆ3LS
]}
(B.37)
with ST4 = 0,
ST5 = 2mH
{
− 2
3m2b∆
2
0
[
2mbµˆ
2
pi + ρˆ
3
D
]− 4
3mb∆30
[
2(mb − v · q)ρˆ3D + 3mbρˆ3LS
]}
(B.38)
TT6 = 2mH
{
4mb
∆0
[
1 +
5
6m2b
(
µˆ2pi − µˆ2G
)− 2
3m3b
(
ρˆ3D + ρˆ
3
LS
)
+
2
3mb∆20
[
14mb(v · q)µˆ2pi +mb(7mb − 10v · q)µˆ2G
+ 3(5mb − 4v · q)ρˆ3D + 4(2mb − 3v · q)ρˆ3LS
]
(B.39)
− 16
3∆30
[
mb[q
2 − (v · q)2] µˆ2pi − v · q (mb − v · q)
(
2ρˆ3D + ρˆ
3
LS
) ]
− 32
3∆40
mb(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
ST6 = 2mH
{
8
3∆20
µˆ2pi +
16
3∆30
(mb − v · q)ρˆ3D
}
(B.40)
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TT7 = 2mH
{
− 2
∆0
− 2
3m2b∆
2
0
[
mb(4mb + 5v · q)µˆ2pi +mb(2mb − 5v · q)µˆ2G + 2(mb − 2v · q)
(
ρˆ3D + ρˆ
3
LS
) ]
+
8
3mb∆30
[
mb[q
2 − (v · q)2] µˆ2pi + [−2m2b +mbv · q + (v · q)2]ρˆ3D − [m2b − (v · q)2]ρˆ3LS
]
+
16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
(B.41)
ST7 = ST8 = −ST11 = ST12 = 2mH
{
− 2
3m2b∆
2
0
(
2mbµˆ
2
pi + ρˆ
3
D
)− 8
3mb∆30
(mb − v · q)ρˆ3D
}
(B.42)
TT8 = 2mH
{
− 2
∆0
− 2
3m2b∆
2
0
[
mb(4mb + 5v · q)µˆ2pi +mb(mb − 5v · q)µˆ2G + (mb − 4v · q)
(
ρˆ3D + ρˆ
3
LS
) ]
+
8
3mb∆30
[
mb[q
2 − (v · q)2] µˆ2pi + [−2m2b +mbv · q + (v · q)2]ρˆ3D − [m2b − (v · q)2] ρˆ3LS
]
+
16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
(B.43)
TT9 = 2mH
{
4
3m2b∆
2
0
[
2mb
(
µˆ2pi − µˆ2G
)− (ρˆ3D + ρˆ3LS) ]+ 163mb∆30 (mb − v · q) (ρˆ3D + ρˆ3LS)
}
(B.44)
TT10 = 2mH
{
− 2
3∆20
(
mbµˆ
2
G + ρˆ
3
D
)}
(B.45)
TT11 = 2mH
{
2
∆0
+
2
3m2b∆
2
0
[
5mb(v · q)
(
µˆ2pi − µˆ2G
)
+ 6m2b µˆ
2
G + 2(3mb − 2v · q)
(
ρˆ3D + ρˆ
3
LS
) ]
− 8
3∆30
[
mb[q
2 − (v · q)2] µˆ2pi − v · q(mb − v · q)ρˆ3D + (mb − v · q)2 ρˆ3LS
]
− 16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
(B.46)
35
TT12 = 2mH
{
− 2
∆0
− 2
3m2b∆
2
0
[
5mbv · q
(
µˆ2pi − µˆ2G
)
+ 5m2b µˆ
2
G + (5mb − 4v · q)
(
ρˆ3D + ρˆ
3
LS
) ]
+
8
3mb∆30
[
mb[q
2 − (v · q)2] µˆ2pi − v · q(mb − v · q)ρˆ3D + (mb − v · q)2 ρˆ3LS
]
+
16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
(B.47)
with TT13 = ST9 = ST10 = ST13 = 0,
TT14 = −TT15 = −16mH
3∆30
ρˆ3LS (B.48)
ST14 = 2mH
{
− 2mb
∆0
[
1 +
(µˆ2pi + µˆ
2
G)
4m2b
+
ρˆ3D
6m3b
]
− 1
3∆20
[
10v · q µˆ2pi + 12(mb − v · q)µˆ2G + 4
(4mb − 3v · q)
mb
ρˆ3D − 9
v · q
mb
ρˆ3LS
]
+
4
3∆30
[
[q2 − (v · q)2](2mbµˆ2pi − 3ρˆ3LS)− 2v · q(mb − v · q)ρˆ3D
]
+
16
3∆40
mb(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
(B.49)
ST15 = 2mH
{
2
∆0
[
1− 7µˆ
2
pi − 9µˆ2G
12m2b
+
ρˆ3D
6m3b
]
+
1
3m2b∆
2
0
[
2mb(2mb + 3v · q)µˆ2pi + 6mb(mb − v · q)µˆ2G − 2v · q ρˆ3D − 3mbρˆ3LS
]
+
8
3∆30
[
− [q2 − (v · q)2]µˆ2pi + (mb − v · q)ρˆ3D
]
(B.50)
− 16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
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ST16 = 2mH
{
− 2mb
∆0
[
1− (5µˆ
2
pi − 3µˆ2G)
12m2b
− ρˆ
3
D
6m3b
]
+
2
3mb∆20
[
− 5mbv · qµˆ2pi − 6mb(mb − v · q)µˆ2G − 2(3mb − 2v · q)ρˆ3D +
9
2
v · q ρˆ3LS
]
+
4
3∆30
[
[q2 − (v · q)2](2mbµˆ2pi − 3ρˆ3LS)− 2v · q(mb − v · q)ρˆ3D
]
+
16
3∆40
mb(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
(B.51)
ST17 = 2mH
{
2
∆0
[
1− (7µˆ
2
pi − 9µˆ2G)
12m2b
+
ρˆ3D
6m3b
]
+
2
3m2b∆
2
0
[
mb(2mb + 3v · q)µˆ2pi + 3mb(mb − v · q)µˆ2G − v · qρˆ3D −
3
2
mbρˆ
3
LS
]
(B.52)
− 8
3∆30
[
[q2 − (v · q)2]µˆ2pi − (mb − v · q)ρˆ3D
]
− 16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
ST22 = −16mH 1
∆30
ρˆ3LS (B.53)
ST23 = 2mH
{
− 4
∆20
(
mbµˆ
2
G + ρˆ
3
D
)
− 8
∆30
q2ρˆ3LS
}
(B.54)
ST24 = 16mH
1
∆30
(v · q)ρˆ3LS (B.55)
with ST18 = ST19 = ST20A = ST20B = ST21A = ST21B = ST25A = ST25B = ST26 = 0,
ST27A = ST27B =
4mH
∆20
{
µˆ2G +
(ρˆ3D + ρˆ
3
LS)
mb
}
(B.56)
ST28 = −ST29 = 4mH
3mb∆20
{
3mbµˆ
2
G + 5ρˆ
3
D + 6ρˆ
3
LS
}
(B.57)
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ST30 = ST32 = 2mH
{
− 2mb
∆0
[
1 +
1
4m2b
(
µˆ2pi + µˆ
2
G
)
+
1
6m3b
ρˆ3D
]
− 2
3mb∆20
[
5mbv · qµˆ2pi + 3mb(mb − v · q)µˆ2G + (5mb − 2v · q)ρˆ3D
]
+
8
3∆30
[
mb[q
2 − (v · q)2] µˆ2pi − v · q(mb − v · q)ρˆ3D
]
(B.58)
+
16
3∆40
mb(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
ST31 = ST33 = ST35 = −ST37 = 2mH
{
2
∆0
[
1− 1
12m2b
(
7µˆ2pi − 9µˆ2G
)
+
1
6m3b
ρˆ3D
]
+
2
3m2b∆
2
0
[
mb(2mb + 3v · q)µˆ2pi + 3mb(mb − v · q)µˆ2G + (mb − v · q)ρˆ3D
]
− 8
3∆30
[
[q2 − (v · q)2] µˆ2pi − (mb − v · q)ρˆ3D
]
(B.59)
− 16
3∆40
(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
ST34 = −ST36 = 2mH
{
− 2mb
∆0
[
1− 1
12m2b
(
5µˆ2pi − 3µˆ2G
)− 1
6m3b
ρˆ3D
]
− 2
3mb∆20
[
5mbv · qµˆ2pi + 3mb(mb − v · q)µˆ2G + 3mbρˆ3D
]
+
8
3∆30
[
mb[q
2 − (v · q)2] µˆ2pi − v · q(mb − v · q)ρˆ3D
]
(B.60)
+
16
3∆40
mb(mb − v · q)[q2 − (v · q)2]ρˆ3D
}
• Interference between the SM and the tensor operators in Heff
The tensor is obtained for (i, j) = (1, 4) and (i, j) = (4, 1) in Eq. (5). We denote the two
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contributions with TSMT and TTSM , respectively. We write:
TαµνSMT = i (g
αµ vν − gαν vµ)TSMT,1 + i (gαµ qν − gαν qµ)TSMT,2 + αµνβ vβ TSMT,3
+ αµνβ qβ TSMT,4 + i v
α (qµ vν − qν vµ)TSMT,5 + i qα (qµ vν − qν vµ)TSMT,6
+ vα µνβδ vβ qδ TSMT,7 + q
α µνβδ vβ qδ TSMT,8
− (q · s)
[
i (gαµ vν − gαµ vµ)SSMT,1 + i (gαµ qν − gαµ qµ)SSMT,2 + αµνβ vβ SSMT,3
+ αµνβ qβ SSMT,4 + i v
α (qµ vν − qν vµ)SSMT,5 + i qα (qµ vν − qν vµ)SSMT,6
+ vα µνβδ vβ qδ SSMT,7 + q
α µνβδ vβ qδ SSMT,8
]
+ i (gαµ sν − gαµ sµ)SSMT,9 + αµνβ sβ SSMT,10 + i sα (qµ vν − qν vµ)SSMT,11
+ i vα (vµ sν − vν sµ)SSMT,12 + i vα (qµ sν − qν sµ)SSMT,13
+ i qα (vµ sν − vν sµ)SSMT,14 + i qα (qµ sν − qν sµ)SSMT,15
+ vα µνβδ vβ sδ SSMT,16 + v
α µνβδ qβ sδ SSMT,17
+ qα µνβδ vβ sδ SSMT,18 + q
α µνβδ qβ sδ SSMT,19
+ (gαµ νβδτ qβ vδ sτ − gαν µβδτ qβ vδ sτ )SSMT,20
+ (vµ ανβδ vβ sδ − vν αµβδ vβ sδ)SSMT,21 + (vµ ανβδ qβ sδ − vν αµβδ qβ sδ)SSMT,22
+ (qµ ανβδ vβ sδ − qν αµβδ vβ sδ)SSMT,23 + (qµ ανβδ qβ sδ − qν αµβδ qβ sδ)SSMT,24
+ sα µνβδ qβ vδ SSMT,25
(B.61)
The results for the various functions read:
TSMT,1 = −TSMT,3
= 2mH
{
2mU
∆0
+
2mU
3m2b ∆
2
0
[
5mb v · q (µˆ2pi − µˆ2G)
+ 4m2b µˆ
2
G + 4 (mb − v · q) (ρˆ3D + ρˆ3LS)
]
− 8mU
3mb∆30
[
mb [q
2 − (q · v)2] µˆ2pi − (mb − v · q) v · q (ρˆ3D + ρˆ3LS)
]
(B.62)
− 16mU
3∆40
(mb − v · q) [q2 − (v · q)2] ρˆ3D
}
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TSMT,2 = −TSMT,4 = 2mH
{
− 2mU
3m2b ∆
2
0
[
2mb (µˆ
2
pi − µˆ2G)− (ρˆ3D + ρˆ3LS)
]
− 8mU
3mb∆30
(mb − v · q) (ρˆ3D + ρˆ3LS)
}
(B.63)
TSMT,5 = TSMT,7 = 2mH
{
8mU
3∆30
ρˆ3LS
}
(B.64)
with TSMT,6 = TSMT,8 = 0,
SSMT,1 = −SSMT,3 = 2mH
{
2mU
3m2b ∆
2
0
(2mb µˆ
2
pi + ρˆ
3
D) +
8mU
3mb∆30
(mb − q · v) ρˆ3D
}
(B.65)
SSMT,9 = −SSMT,10 = 2mH
{
− 2mU
∆0
[
1− 7µˆ
2
pi − 9µˆ2G
12m2b
+
ρˆ3D
6m3b
]
− 2mU
3m2b ∆
2
0
[
3mb v · q (µˆ2pi − µˆ2G) + 6m2b µˆ2G + (4mb − v · q) ρˆ3D + 3mb ρˆ3LS
]
+
8mU
3∆30
[q2 − (v · q)2] µˆ2pi +
16mU
3∆40
(mb − v · q) [q2 − (v · q)2] ρˆ3D
}
(B.66)
SSMT,11 = 2mH
{
− 4mU
∆30
ρˆ3LS
}
(B.67)
SSMT,12 = 2mH
{
4mU
3mb ∆20
[
3mb µˆ
2
G + 4 ρˆ
3
D +
9
2
ρˆ3LS
]
+
8mU
∆30
v · q ρˆ3LS
}
(B.68)
SSMT,16 = 2mH
{
− 2mU
3mb ∆20
[
6mb µˆ
2
G + 8 ρˆ
3
D + 9 ρˆ
3
LS
]
− 8mU
∆30
v · q ρˆ3LS
}
. (B.69)
Several functions vanish: SSMT,(2,4,5,6,7,8) = 0 and SSMT,(15,19,20,21,22,23,24) = 0. The rela-
tions hold: SSMT,13 = SSMT,14 = −1
3
SSMT,17 = −SSMT,18 = SSMT,25 = SSMT,11 and
TTSM,i = −TSMT,i (i = 1, 2, 5)
TTSM,i = TSMT,i (i = 3, 4, 7)
STSM,i = −SSMT,i (i = 1, 9, 11, 12, 13, 14) (B.70)
STSM,i = SSMT,i (i = 3, 10, 16, 17, 18, 25) .
• Interference between the scalar and tensor operators in Heff
40
The tensor is obtained for (i, j) = (2, 4) and (i, j) = (4, 2) in Eq. (5). We denote the two
contributions as T µνST and T
µν
TS, respectively. Writing
T µνST = 
µναβ vα qβ TST,1 + i (q
µ vν − qν vµ)TST,2+
− (q · s) [µναβ vα qβ SST,1 + i (qµ vν − qν vµ)SST,2]+
+ µναβ qα sβ SST,3 + i (q
µ sν − qν sµ)SST,4+
+ µναβ vα sβ SST,5 + i (s
µ vν − vν sµ)SST,6+
+
[
qµ ναβδqαvβsδ − qν µαβδqαvβsδ
]
SST,7+
+
[
vµ ναβδqαvβsδ − vν µαβδqαvβsδ
]
SST,8
(B.71)
we obtain:
TST,1 = TST,2 = 2mH
{
− 1
∆0
− 1
3m2b ∆
2
0
[
5mb v · q (µˆ2pi − µˆ2G) + 4m2b µˆ2G
+ 4 (mb − v · q) (ρˆ3D + ρˆ3LS)
]
+
4
3mb∆30
[
[q2 − (v · q)2] µˆ2pi − (mb − v · q) v · q ρˆ3D (B.72)
+ [(mb − v · q)2 +mbmU ] ρˆ3LS
]
+
8
3∆40
(mb − v · q) [q2 − (v · q)2] ρˆ3D
}
SST,1 = SST,2 = 2mH
{
− 1
3m2b ∆
2
0
(2mb µˆ
2
pi + ρˆ
3
D)−
2
3mb∆30
[
2(mb−v · q) ρˆ3D +3mb ρˆ3LS
]}
(B.73)
SST,3 = −SST,4 = 2mH
{
− 1
∆0
[
1− 7 µˆ
2
pi − 9µˆ2G
12m2b
+
ρˆ3D
6m3b
]
− 1
3m2b ∆
2
0
[
mb [2(mb +mU) + 3v · q] µˆ2pi + 3mb (mb −mU − v · q) µˆ2G
+ [2(mb −mU)− v · q] ρˆ3D +
3
2
(mb −mU) ρˆ3LS
]
(B.74)
+
4
3mb∆30
[
mb [q
2 − (v · q)2] µˆ2pi − (mb − v · q) (mb +mU) ρˆ3D +
3
2
mU v · q ρˆ3LS
]
+
8
3∆40
(mb − v · q) [q2 − (v · q)2] ρˆ3D
}
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SST,5 = SST,6 = 2mH
{
mb +mU
∆0
[
1− 5 µˆ
2
pi − 3µˆ2G
12m2b
− ρˆ
3
D
6m3b
]
+
1
3m2b ∆
2
0
[
5mb (mb +mU) v · q µˆ2pi − 6mbmU v · q µˆ2G + (mb −mU) v · q (4 ρˆ3D +
9
2
ρˆ3LS)
]
− 4
3mb∆30
(
mb (mb +mU) [q
2 − (v · q)2] µˆ2pi − (mb − v · q) (mb +mU) q · v ρˆ3D
+
3
2
(mb q
2 − (mb −mU) (v · q)2) ρˆ3LS
]
(B.75)
− 8
3∆40
(mb +mU) (mb − v · q) [q2 − (q · v)2] ρˆ3D
}
and SST,7 = SST,8 = 0. The relations hold:
TST,i = TTS,i and SST,i = STS,i (i = 1, 3, 5, 7, 8)
TST,i = −TTS,i and SST,i = −STS,i (i = 2, 4, 6). (B.76)
• Interference between the pseudoscalar and tensor operators in Heff
This case amounts to choosing (i, j) = (3, 4) and (4, 3) in Eq. (5). We denote the
two contributions with T µνPT and T
µν
TP , respectively. We use the same expansion as for
the scalar-tensor interference in Eq. (B.71). The functions TTP,i and STP,i are ob-
tained from the corresponding ones in (B.71) substituting TTP,i(mU) = −TTS,i(−mU)
and STP,i(mU) = −STS,i(−mU). Analogous relations hold between TPT,i, SPT,i, and
TTS,i, SST,i.
C Coefficients in the 1/mb expansion of the inclusive
semileptonic decay width
To provide the coefficients in Eq. (33) we define the variables
ρ =
m2U
m2b
, ρ` =
m2`
m2b
. (C.1)
In the formulae
√
λ stays for
√
λ(1, ρ, ρ`). Factorizing the effective couplings in the Hamil-
tonian Eq. (3), we define for A = 0, µ2pi, µ
2
G, ρ
3
D: C
(SM)
A = |1 + V |2 C(SM)A , C(i)A = |i|2 C(i)A for
i=S, P, T, and C
(ij)
A = 2Re(i 
∗
j) C(ij)A for (i,j)=(S,P), (SM,S), (SM,P), (SM,T), (S,T), (P,T).
We also define:
L1 = log
[(1 +√λ− ρ+ ρ`)2
4ρ`
]
, L2 = log
[(1 +√λ+ ρ− ρ`)2
4ρ
]
. (C.2)
With appropriate manipulations our results for SM agree with [8].
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• Standard Model:
C(SM)0 = −2 C(SM)µ2pi =
√
λ
[
1− 7ρ− 7ρ2 + ρ3 − (7− 12ρ+ 7ρ2)ρ` − 7(1 + ρ)ρ2` + ρ3`
]
+ 12
{
(1− ρ2)ρ2`L1 + (1− ρ2`)ρ2L2
}
(C.3)
C(SM)
µ2G
=
√
λ
2
[
− 3 + 5ρ− 19ρ2 + 5ρ3 + (5 + 28ρ− 35ρ2)ρ` − (19 + 35ρ)ρ2` + 5ρ3`
]
+6
{
(1− 5ρ2)ρ2`L1 + (1− 5ρ2`)ρ2L2
}
(C.4)
C(SM)
ρ3D
=
2
3
√
λ
[
17 + ρ− 11ρ2 + 5ρ3 + ρ`(4 + 18ρ− 32ρ2) + ρ2`(−23− 35ρ) + 2ρ3`
]
−8
{
ρ2`(−1 + 5ρ2 + ρ`)L1 + [1− ρ` + ρ2`(−1 + 5ρ2 + ρ`)]L2
}
(C.5)
• S and P:
C(S)0 = −2C(S)µ2pi =
√
λ
8
[
1 + 4
√
ρ− 7ρ+ 40ρ3/2 − 7ρ2 + 4ρ5/2 + ρ3
+ ρ`(−7− 20√ρ+ 12ρ− 20ρ3/2 − 7ρ2) + ρ2`(−7− 8
√
ρ− 7ρ) + ρ3`
]
− 3
2
{
(−1 +√ρ)(1 +√ρ)3ρ2`L1 + ρ3/2
[
2ρ+ 2(−1 + ρ`)2 +√ρ(−1 + ρ2`)
]L2}
(C.6)
C(S)
µ2G
=
√
λ
16
[
13− 132√ρ+ 45ρ− 24ρ3/2 − 27ρ2 + 12ρ5/2 + 5ρ3
+ρ`(−27 + 84√ρ+ 68ρ− 60ρ3/2 − 35ρ2) + ρ2`(−3− 24
√
ρ− 35ρ) + 5ρ3`
]
+
3
4
{
(1 +
√
ρ)2(1 + 4
√
ρ− 5ρ)ρ2` L1
+ρ1/2
[−2ρ2 + 4(−1 + ρ`)2 + ρ(10 + 4ρ` − 6ρ2`) + ρ3/2(1− 5ρ2`) + 4√ρ(−1 + ρ2`)]L2}
(C.7)
C(S)
ρ3D
=
√
λ
12
[
59 + 44
√
ρ+ 37ρ− 28ρ3/2 − 17ρ2 + 8ρ5/2 + 5ρ3
+ρ`(−53 + 44√ρ+ 54ρ− 40ρ3/2 − 35ρ2) + ρ2`(13− 16
√
ρ− 35ρ) + 5ρ3`
]
+
{
− (1 +√ρ)2(2− 6√ρ+ 5ρ)ρ2`L1
+
[−(2 + 2√ρ+ 5ρ) + 4ρ` − (1 +√ρ)2(2− 6√ρ+ 5ρ)ρ2`]L2} (C.8)
43
In the pseudoscalar case the coefficients are obtained from the corresponding ones in the
scalar case changing the sign of mU and of the odd powers of
√
ρ.
• T:
C(T )0 = −2C(T )µ2pi = 12
√
λ
[
1− 7ρ− 7ρ2 + ρ3 − (7− 12ρ+ 7ρ2)ρ` − 7(1 + ρ)ρ2` + ρ3`
]
+ 144
{
(1− ρ2)ρ2`L1 + (1− ρ2`)ρ2L2
}
(C.9)
C(T )
µ2G
= 2
√
λ
[
− 25− 25ρ− 49ρ2 + 15ρ3 + ρ`(47 + 44ρ− 105ρ2)− ρ2`(73 + 105ρ) + 15ρ3`
]
+ 24
{
ρ2`(1− 3ρ)(3 + 5ρ)L1 + ρ(4 + 3ρ− (4 + 15ρ)ρ2`)L2
}
(C.10)
C(T )
ρ3D
= 8
√
λ
[
3− 11ρ− 9ρ2 + 5ρ3 + ρ`(23 + 6ρ− 31ρ2 − 39ρ2`(1 + ρ) + 5ρ3`
+4(1− ρ)(1 + ρ− ρ`)ρ`
]
− 32
{
ρ2` [−6 + 5ρ(1 + 3ρ) + 4ρ`]L1 +
[
2− 5ρ+ [−6 + 5ρ(1 + 3ρ)]ρ2` + 4ρ3`
]L2}
(C.11)
• S - P interference:
The coefficients vanish.
• SM - S and SM - P interference:
C(SMS)0 = −2C(SMS)µ2pi
=
√
λ
2
(1−√ρ)√ρ`
[
1 + 3
√
ρ− 2ρ+ 3ρ3/2 + ρ2 + ρ`(10 + 15√ρ+ 10ρ) + ρ2`
]
− 3√ρ`
{
ρ`(1 +
√
ρ)
[
(1− ρ)2 + (1−√ρ+ ρ)ρ`
]L1
+ ρ3/2
[√
ρ(−1 + ρ`) + (1− ρ`)2 + ρρ`
]L2} (C.12)
C(SMS)
µ2G
=
√
λ
4
(1−√ρ)√ρ`
[
5− 15√ρ− 10ρ+ 9ρ3/2 + 5ρ2 + ρ`(2 + 45√ρ+ 50ρ) + 5ρ2`
]
− 3
2
√
ρ`
{
ρ`
[
(1 + 5
√
ρ)(1− ρ)2 + (1− 2√ρ− 2ρ+ 5ρ3/2)ρ`
]L1
+
√
ρ
[− 2 + 2√ρ+ ρ− ρ3/2 + ρ`(4− 10ρ+ ρ3/2 + 5ρ2)
+ ρ2`(−2− 2
√
ρ+ 5ρ)
]L2} (C.13)
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C(SMS)
ρ3D
= −
√
ρ`
6
√
λ
[
− 16 + 28√ρ+ 2ρ− 26ρ3/2 + 2ρ2 + 10ρ5/2
+ ρ`(41− 95√ρ− 37ρ+ 103ρ3/2)− ρ2`(13− 7
√
ρ)− 3(1 +√ρ)(1 + ρ− ρ`)ρ`
]
+ 2
√
ρ`(1−√ρ)
[
ρ`
[
2− 2√ρ− 5ρ+ 4ρ3/2 + 5ρ2 + ρ`(−1 + 2√ρ+ 5ρ)
]L1
+
[− 1 + ρ`(1 +√ρ)2(2− 6√ρ+ 5ρ) + ρ2`(−1 + 2√ρ+ 5ρ)]L2} (C.14)
The coefficients in the SM-P case are obtained from the corresponding ones in the SM-S
case changing the sign of mU and of the odd powers of
√
ρ.
• SM - T interference:
C(SMT )0 = −2C(SMT )µ2pi = 12
√
λ
√
ρρ`
[
− 2− 5ρ+ ρ2 − 5ρ`(1− 2ρ) + ρ2`
]
+ 72
√
ρρ`
{
ρ`[(1− ρ)2 + ρρ`]L1 + ρ[(1− ρ`)2 + ρρ`]L2
}
(C.15)
C(SMT )
µ2G
= 6
√
λ
√
ρρ`
[
− 4− 11ρ+ 5ρ2 + ρ`(−3 + 50ρ) + 5ρ2`
]
+ 12
√
ρρ`
{
ρ`[−1− 14ρ+ 15ρ2 + (2 + 15ρ)ρ`]L1
+ [2 + 3ρ+ ρ`(−4− 14ρ+ 15ρ2) + ρ2`(2 + 15ρ)]L2
}
(C.16)
C(SMT )
ρ3D
= 4
√
λ
√
ρρ`
[
− 8− 14ρ+ 10ρ2 + ρ`(−35 + 103ρ) + 7ρ2` − 3ρ`(1 + ρ− ρ`)
]
+ 48
√
ρρ`
{
ρ`
[− 5ρ(1− ρ)− ρ`(1− 5ρ)]L1
+
[
1− 5ρρ`(1− ρ)− ρ2`(1− 5ρ)
]L2} (C.17)
• T - S and T - P interference:
The coefficients vanish.
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